Background: Conservative management may be a desirable option for elderly, fragile, or demented patients who reach end-stage renal disease (ESRD), yet some patients with dementia are placed on renal replacement therapy nonetheless. Methods: From a nationwide cohort of 45,076 US veterans who transitioned to ESRD over 4 contemporary years (October 1, 2007 to September 30, 2011), we identified 1,336 (3.0%) patients with International Classification of Diseases, Ninth Revision, Clinical Modification code-based dementia diagnosis during the prelude (predialysis) period. We examined the association of prelude dementia with all-cause mortality within the first 6 months following transition to dialysis, using a propensity-matched cohort and Cox proportional hazards models. Results: In the entire cohort, the overall mean ± standard deviation age at baseline was 72 ± 11 years, 95% were male, 23% were AfricanAmerican, and 66% were diabetic. There were 8,080 (18.5%) deaths (mortality rate, 412; 95% confidence interval [CI], 403-421/1,000 patient-years) in the dementia-negative group, and 396 (29.6%) deaths (mortality rate, 708; 95% CI, 642-782/1,000 patient-years) in the dementia- positive group in the entire cohort in the first 6 months after dialysis initiation. Presence of dementia was associated with higher risk of all-cause mortality (adjusted hazard ratio, 1.25; 95% CI, 1.12-1.38) compared to dementia-free patients in the first 6 months after dialysis initiation. Conclusion: Pre-ESRD dementia is associated with increased risk of early post-ESRD mortality in veterans transitioning to dialysis.
Introduction
Each year, over 100,000 Americans and a similar number of Europeans transition from very-late-stage non-dialysis-dependent chronic kidney disease (NDD-CKD) to renal replacement therapy (RRT) [1, 2] . Transitioning of such substantial numbers of patients to dialysis or transplantation in the USA has led to a total end-stage renal disease (ESRD) expenditure of USD 41.2 billion annually, including USD 30.9 billion by the Medicare ESRD program alone [2] . Despite technological and pharmaceutical developments in the last decades, the mortality rate of patients on maintenance dialysis has remained high, especially in the early period after dialysis initiation [3, 4] . Recently, efforts have been made to identify potential factors contributing to or associated with higher mortality rates in patients with advanced NDD-CKD transitioning to RRT [3] . Some of these identified factors, such as older age, are not modifiable [3] ; however, a majority of them are potentially modifiable, such as type of the vascular access [3, 5] , functional dependence [6] , presence of congestive heart failure, cancer [3] , slope of residual kidney function [7] , and adherence to medications [8] .
In the mid-1990s, early mortality rates after transition to RRT were as high as 6% in the first 90 days and 32% during the first dialysis year [4] . Although these rates have declined in the last decade, to date they still remain as high as 20% [3] . The main cause of death in this early period is cardiovascular death, but withdrawal from dialysis is responsible for 20% of deaths [3] . Sicker, more fragile elderly patients might have the highest rate of early transition mortality and early withdrawal from dialysis. The relatively high withdrawal rate and the very high early mortality rate bring up the question of whether dialysis is the ideal modality of choice for many patients, and which patients would have benefitted from remaining on conservative/palliative medical treatment rather than initiating invasive dialysis therapy. Most recently, the Dialysis Advisory Group of the American Society of Nephrology suggested that dialysis patients with a life expectancy of <1 year may desire a palliative approach to dialysis care, focusing on aligning patient treatment with patients' informed preferences [9] . Identifying factors contributing to higher early mortality rates and worse quality of life on dialysis would assist in clinical decision-making in consideration of deciding whether a patient should pursue conservative/palliative treatment or transition to dialysis. One important clinical characteristic to consider in this decision is dementia [10] .
Dementia is a relatively frequent comorbidity in nursing home patients [11] as well as patients with NDD-CKD and ESRD. While dementia was detected in 5.1% of individuals without CKD, the prevalence was 6.8% in NDD-CKD individuals based on the third National Health and Nutrition Examination Survey (NHANES III) [12] . In patients on dialysis, the prevalence of dementia may be as high as 40% based on formal cognitive function studies [13] . In addition, the documented diagnosis of dementia in patients undergoing maintenance dialysis is associated with a 1.5-to 2-fold increase in mortality compared with individuals without dementia, based on the Dialysis Outcomes and Practice Patterns Study (DOPPS) [14] and data from the United States Renal Data System (USRDS) [15] . Comparable associations have been reported in earlier stages of NDD-CKD [12] .
However, prior studies assessing outcomes in dialysis patients with dementia examined prevalent ESRD patients, in whom dementia might have developed after the initiation of dialysis. Much less is known about the early post-ESRD outcomes associated with dementia in incident dialysis patients, in whom dementia diagnosed prior to dialysis transition could be a factor in deciding about starting dialysis. To address this knowledge gap, we aimed to investigate the association of dementia identified in the pre-ESRD transition period with post-ESRD early all-cause mortality, using a large nationally representative cohort of US veterans with advanced NDD-CKD transitioning to RRT. We hypothesized that presence of dementia in patients prior to transition is associated with a higher short-and long-term risk of death after transition to ESRD.
Methods

Study Population
We analyzed longitudinal data from the Transition of Care in CKD (TC-CKD) study, a retrospective cohort study examining US veterans with late-stage NDD-CKD transitioning to RRT from October 1, 2007 through September 30, 2011 [5, 8] . A total of 52,172 US veterans were identified from the USRDS [16] as a source population. The algorithm for the cohort definition is shown in Figure 1 . We excluded patients without any available information on comorbid conditions ( n = 6,083). We also excluded those with missing followup data ( n = 1,013 who had died or received a kidney transplant on the date of transition to ESRD), resulting in a study population of 45,076 patients -43,740 patients without dementia and 1,336 patients with dementia. Propensity score matching was applied, resulting in a cohort of 2,656 patients for survival analysis. 
Exposure Variable
Dementia was defined as the presence of International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes for dementia (290.x, 294.1x, 331.2x) in any out-or inpatient medical record prior to transition to dialysis.
Covariates
Data from the USRDS Patient and Medical Evidence files were used to determine patients' baseline demographic characteristics at the time of dialysis initiation. Information on comorbidities at the time of dialysis initiation was extracted from VA Inpatient and Outpatient Medical SAS Datasets [17] , using the ICD-9-CM diagnostic and Current Procedural Terminology codes, as well as from VA/Centers for Medicare and Medicaid Services (CMS) data. Medication data were collected from both CMS data (Medicare Part D) and VA pharmacy dispensation records [18] . Patients who received at least 1 dispensation of medications within the 6-month prelude period immediately preceding ESRD transition were recorded as having been treated with these medications. Laboratory data were obtained from VA research databases as previously described [19, 20] , and their baseline values were defined as the average of each covariate during the 6-month prelude period preceding dialysis initiation. Estimated glomerular filtration rate (eGFR) was calculated using the Chronic Kidney Disease Epidemiology Collaboration equation [21] .
Outcome Assessment
The primary outcome of interest was all-cause mortality after dialysis initiation. All-cause mortality data, censoring events, and associated dates were obtained from VA and USRDS data sources [7] . The start of the follow-up period was the date of dialysis initiation, and patients were followed up until death or other censoring events, including kidney transplantation, loss to follow-up, or end of follow-up period (6 and 12 months after dialysis initiation or December 27, 2012 for the entire follow-up period) [5, 8] . The primary analysis used a follow-up time of 6 months, as we wanted to focus on short-term post-dialysis mortality.
Statistical Analysis
Baseline patient characteristics were summarized according to the presence or absence of dementia prior to ESRD, and presented as percentage for categorical variables and mean ± standard deviation (SD) for continuous variables. Differences between categories were assessed using standardized differences before and after propensity score matching.
Predictors of presence of dementia were assessed using logistic regression analyses. The propensity score method was used to account for baseline differences arising from dissimilarities in clinical and demographic characteristics of patients with and without dementia. Variables associated with the presence of dementia were identified using logistic regression and were used to calculate propensity scores. Stata's psmatch2 command suite was used to generate the propensity-matched cohorts by a 1-to-1 nearest neighbor matching without replacement. The following variables were included in the logistic regression model to create the propensity score: age, gender, race/ethnicity, marital status, comorbidities at baseline (myocardial infarction, congestive heart failure, peripheral vascular disease, cerebrovascular disease, paraplegia/hemiplegia, lung disease, rheumatic disease, peptic ulcer disease, HIV/AIDS, malignancy, liver disease, diabetes, hypertension), and medications at baseline (statins, vasodilators, renin-angiotensin-aldosterone system blockers, phosphate binders, erythropoiesis-stimulating agents, diuretics, calcium channel blockers, bicarbonates, β-blockers, active vitamin D).
The association between the presence of dementia and all-cause mortality was estimated using the Kaplan-Meier method and Cox proportional hazards models. All associations were examined in unadjusted models using our propensity-matched cohort of 2,656 patients.
We conducted several sensitivity analyses to evaluate the robustness of our main findings. To compare the effect of dementia on outcomes during different follow-up periods, we repeated our analyses separately using additional follow-up time definitions (i.e., the first 12 months after transition) as well as long-term follow-up (entire follow-up period up to 5 years). In addition, we also performed a sensitivity analysis using the propensity-matched cohort and further adjusted for serum albumin, blood hemoglobin, and eGFR. As the lack of these variables was substantial, the cohort in these analyses consisted of 1,840 patients. Moreover, we performed unadjusted and adjusted Cox regression models using the entire cohort population. Covariates in the adjusted models included age, gender, race/ethnicity, marital status, comorbidities at baseline (myocardial infarction, congestive heart failure, peripheral vascular disease, cerebrovascular disease, para- Data are presented as n (%) or mean ± standard deviation. All laboratory results were averaged over the 6-month prelude period. ACEIs, angiotensin-converting enzyme inhibitors; ALP, alkaline phosphatase; ALT, alanine aminotransferase; ARBs, angiotensin receptor blockers; AST, aspartate aminotransferase; eGFR, estimated glomerular filtration rate; ESAs, erythropoiesis-stimulating agents; N/A, not applicable; std. diff., standardized difference. plegia/hemiplegia, lung disease, rheumatic disease, peptic ulcer disease, HIV/AIDS, malignancy, liver disease, diabetes, hypertension), and medications at baseline (statins, vasodilators, renin-angiotensin-aldosterone system blockers, phosphate binders, erythropoiesis-stimulating agents, diuretics, calcium channel blockers, bicarbonates, β-blockers, active vitamin D). Finally, we performed sensitivity analyses in the entire cohort as well as by creating a new propensity-matched cohort with adjustment for emergency department visits (as proxy for falls) in the last year before ESRD initiation as well as use of aspirin, donepezil, and memantine at baseline.
The associations of dementia with outcomes were examined in subgroups of patients stratified by sex, age, race, marital status, and presence/absence of selected comorbidities. Potential interactions were formally tested including relevant interaction terms in the statistical models and using the Wald test.
Reported p values were 2-sided and reported as significant at <0.05 for all analyses. All analyses were conducted using Stata/MP version 14 (Stata Corp., College Station, TX, USA). The study was approved by the Institutional Review Boards of the Memphis and Long Beach VA Medical Centers, with exemption from informed consent. 
Results
Baseline Characteristics
The baseline characteristics of the overall cohort before and after propensity score matching and stratified by the presence of dementia are presented in Table 1 . In the entire cohort, the overall mean ± SD age at baseline was 72 ± 11 years, 95% were male, 23% were African-American, and 66% were diabetic. We identified 1,336 (3.0%) patients with an ICD-9-CM code for dementia. The mean ± SD 6-month prelude averaged eGFR level was 14.8 ± 9.5 mL/min/1.73 m 2 . The median and interquartile range (IQR) between the date of dialysis initiation and the date of first detected and last detected dementia diagnosis were 634 (173-1,362) days and 315 (58-860) days, respectively.
In the original cohort ( n = 45,076), patients with dementia were slightly older and had more comorbidities: higher prevalence of cerebrovascular disease, diabetes mellitus, congestive heart failure, peripheral artery disease, paraplegia, hemiplegia, and chronic pulmonary disease. In our adjusted logistic regression model, which served for calculating propensity scores for odds of dementia diagnoses prior to RRT transition, female gender, African-American race, and being divorced or single, most of the comorbidities (such as diabetes, cerebrovascular disease, paraplegia/hemiplegia, chronic lung disease) and certain medications (β-blockers, calcium channel blockers, and erythropoiesis-stimulating agents) were associated with a higher risk of dementia ( Table 2 ) . After propensity score matching most of these differences disappeared and the baseline characteristics of patients with and without dementia were balanced ( Table 1 ). In the propensity-matched cohort, the overall mean ± SD age at baseline was 77 ± 9 years, 95% were male, 24% were African-American, and 71% were diabetic.
Association of Pre-ESRD Presence of Dementia with Post-ESRD All-Cause Mortality in the First 6 Months after Dialysis Initiation
In the entire cohort, there were 8,080 (18.5%) deaths (mortality rate, 412; 95% confidence interval [CI] , 403-421/1,000 patient-years) in the dementia-negative group, and 396 (29.6%) deaths (mortality rate, 708; 95% CI, 642-782/1,000 patient-years) in the dementiapositive group during the first 6 months after dialysis initiation. In the propensity-matched cohort, there were 736 (27.7%) deaths (mortality rate, 656; 95% CI, 610-705/1,000 patient- years) during the first 6 months after dialysis initiation; of these deaths, 340 (25.6%; mortality rate, 599; 95% CI, 538-666/1,000 patient-years) occurred in the dementia-negative group, and 396 (29.8%; mortality rate, 714; 95% CI, 645-787/1,000 patient-years) in the dementiapositive group. Figure 2 shows the associations between presence of dementia and all-cause mortality in the propensity-matched cohort during the first 6-month period. 
No dementia Dementia
Number at risk Fig. 3 . Adjusted hazard ratios (95% CIs) of presence of dementia for all-cause mortality in the first 6 months after dialysis initiation in selected subgroups. CHF, congestive heart failure; CI, confidence interval; CVD, cerebrovascular disease; HR, hazard ratio. CI, 1.03-1.37) compared to dementia-free patients ( Table 3 ) . Similar results were found in almost all subgroups, and only presence of cerebrovascular disease and hypertension were significant effect modifiers of the dementia-mortality association ( Fig. 3 ) . Qualitatively similar results (HR, 1.29; 95% CI, 1.16-1.44) were found when we additionally adjusted for eGFR, serum albumin, and blood hemoglobin in sensitivity analysis restricted to a limited subset of our propensity-matched cohort ( n = 1,840). In analyses including the overall population cohort ( Fig. 4 ) , patients with dementia also had significantly higher mortality rates and qualitatively similar results (HR, 1.25; 95% CI, 1.12-1.38) in adjusted Cox regression models (online suppl. Table 1 ; see www.karger.com/doi/10.1159/000471761 for all online suppl. material). Finally, qualitatively similar results were found after we adjusted for emergency department visits (as proxy for falls) in the last year before ESRD initiation as well as use of aspirin, donepezil, and memantine at baseline (not shown).
Association of Pre-ESRD Dementia with Post-ESRD All-Cause Mortality in the Entire Follow-Up Period and the First 12 Months after Dialysis Initiation
Over the entire follow-up period, the median follow-up time was 16.2 months (IQR, 5.1-28.5 months). In the entire cohort, there were 24,877 (56.9%) deaths (mortality rate, 281; 95% CI, 278-285/1,000 patient-years) in the dementia-negative group, and 1,024 (76.6%) deaths (mortality rate, 534; 95% CI, 502-567/1,000 patient-years) in the dementiapositive group over the entire follow-up period. In the propensity-matched cohort, there were 1,923 (72.4%) deaths (mortality rate, 461; 95% CI, 441-482/1,000 patient-years) during this time, of which 904 (68.1%) deaths (mortality rate, 399; 95% CI, 374-426/1,000 patient-years) were in the dementia-negative group, and 1,019 (76.7%) deaths (mortality rate, 535; 95% CI, 503-568/1,000 patient-years) were in the dementia-positive group. Presence of dementia was associated with a higher risk of all-cause mortality (HR, 1.30; 95% CI, 1.19-1.42) compared to dementia-free patients in the propensity-matched cohort during the entire follow-up period ( Table 3 ) . Similar results were found in almost all subgroups, and only presence of cerebrovascular disease and congestive heart failure were significant effect modifiers on these dementia-mortality associations (online suppl. Fig. 1 ).
Qualitatively similar associations were found in the analysis for 12-month follow-up in the overall propensity-matched cohort (HR, 1.26; 95% CI, 1.12-1.42) ( Table 3 ) as well as in the subgroup analysis (online suppl. Fig. 2 ). In the entire cohort, only 54 and 11% of the patients with dementia were still alive 1 and 5 years after dialysis initiation, respectively. Sensitivity analyses evaluating dementia-mortality associations over these follow-up periods for the entire cohort population showed similar results (online suppl. Table 1 ). Finally, qualitatively similar results were found after we adjusted for emergency department visits (as proxy for falls) in the last year before ESRD initiation as well as use of aspirin, donepezil, and memantine at baseline (not shown). Data are presented as number or hazard ratio (95% CI) unless otherwise specified. The crude incident rate presented in per 1,000 patient-years. CI, confidence interval.
Discussion
In this large national cohort of US veterans with late-stage NDD-CKD transitioning to dialysis, we found a modest association between pre-ESRD dementia and early all-cause mortality following dialysis initiation, independent of demographics, comorbidities, and medications. These associations were most accentuated for mortality experienced in the immediate 6-12 months following ESRD transition.
Our study examined the association of dementia diagnosed in the pre-ESRD period with mortality occurring immediately after transition to dialysis. Previous studies assessing outcomes associated with dementia in dialysis patients examined prevalent cohorts, in which dementia might have developed or worsened after the initiation of dialysis therapy [12, 14, 15] . Dementia present prior to dialysis transition can be an important factor in deciding whether or not a patient pursues RRT or chooses conservative management of ESRD; therefore, it is important to examine what outcomes dementia may portend in a patient opting for dialysis. Our findings of high early post-transition all-cause mortality associated with pre-ESRD dementia may add useful information to help such decision-making, although further studies are needed to examine patient-centered outcomes such as quality of life, fracture rates, or hospitalizations.
Presence of dementia before ESRD was associated with a 19% higher risk of post-ESRD all-cause mortality during the first 6 months after ESRD initiation in our propensity-matched cohort. The potential underlying mechanisms linking dementia to higher risk of post-ESRD mortality are likely to be multifactorial and may be related to factors including poor treatment and medication adherence, comorbidity, worse nutritional status, and dementia itself [22] . Hemodialysis typically requires strict adherence to treatment regimens, which likely will be impaired with cognitive defects [23] . Poor functional and nutritional status may also predispose dementia patients on hemodialysis to an increased risk of mortality. In a large retrospective cohort study by Rakowski et al. [15] , hemodialysis patients with dementia had a lower body mass index and lower albumin levels. Moreover, a higher prevalence of coronary artery disease and congestive heart failure in dementia patients was also noted in this cohort, which can lead to an increased morbidity burden [15] . However, in our study the presence of dementia was associated with a higher risk of death even after adjusting for these potential confounders. Additionally, dementia is a well-known independent risk factor for hip fractures associated with a high rate of morbidity and mortality [24, 25] , and also shows strong association with depression, which is another predictor of survival [26, 27] . Finally, the morbidity connected with a diagnosis of dementia is also associated with large amounts of direct as well as indirect health care costs, while dementia patients typically fall in a lower income group [28] . Patients with lower income are more likely to postpone medical care because of obligatory copayments and lack of insight into the illness. These people are also more likely nonadherent, which can contribute to the increased mortality risk [8] . In a large prospective cohort of roughly 15,000 patients, low socioeconomic status was found to be contributing to the increased risk of mortality in patients with dementia [29] . Finally, the caregivers' perspective is not to be neglected. The medical diagnosis of dementia continues to be marred by social stigma. Nearly half of the participants in a Japanese study report being ashamed of a family member being diagnosed with dementia [30] . Poor mental health literacy among the public regarding dementia juxtaposed with negative public attitude serves as a major deterrent to seek timely help from a medical professional [31] , which can ultimately lead to more severe adverse outcomes.
It is important to emphasize that more than 25% of patients with dementia died within 6 months of the initiation of dialysis, while almost 50% of them did not survive the first year. We did not analyze the rate of hospitalizations during this period, and we did not have data about quality of life available for analysis. Regardless, the higher mortality rate observed in dementia patients indicates that alternative therapies such as conservative management might be desirable in this selected population; however, further studies assessing patientcentered outcomes such as quality of life after transition to dialysis, and comparing mortality rates in patients who transition to dialysis compared to those who prefer conservative care are needed. Our data may support the recommendations of the Renal Physicians Association (RPA), which suggest that patients with advanced dementia be advised against initiation of dialysis, particularly when they are unable to cooperate with the dialysis process [10, 32] . Supporting this recommendation, the Dialysis Advisory Group of the American Society of Nephrology suggested that dialysis patients with a life expectancy <1 year may desire a palliative approach to dialysis care, which focuses on aligning patient treatment with patients' informed preferences [9] . The RPA emphasizes the need for establishing a strong therapeutic relationship and open communication to facilitate shared decision-making [32] . However, the "first, do not harm" ethical principle should have a significant role in this shared decisionmaking by patients, caregivers, and physicians. Further research is needed to identify the most important factors which improve the quality of life of patients who decide to choose conservative treatment for ESRD.
Our study is notable for its large sample size and event numbers and for likely being representative of veterans who received care in the VA system across the entire USA. It also has several limitations that need to be acknowledged. First, since this was an observational study, only associations, but no cause-effect relationships, can be established. Second, most of our patients were male US veterans; hence, the results may not be generalizable to women or other patient populations, in particular those outside the USA. Third, our study is also limited by the use of diagnostic codes to define dementia. The sensitivity and specificity of these codes in ascertaining these conditions is not known, and it is likely lower than prospective adjudication of clinical diagnoses [13] . However, the significant correlates of baseline dementia in our study were similar to those found in previous studies [15] . In addition, we analyzed only all-cause mortality, while other outcomes such as quality of life and frequency of hospitalization would be important factors to examine and consider in the clinical decisionmaking for dementia patients. Finally, due to the observational nature of our study, adjusted analyses were limited to confounders measured and available in our cohort, and therefore our study may be limited by potential residual confounding from unmeasured confounders such as proteinuria and level of education.
In conclusion, in this large national cohort of US veterans with late-stage NDD-CKD transitioning to dialysis, we found an independent association between pre-ESRD diagnosis of dementia and all-cause mortality early after dialysis initiation. Clinical studies are warranted to compare survival and quality of life of dialysis treatment versus conservative treatment in patients with dementia.
